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54. Title of the Invention 

A Method of Analyzing Impurities on the Surface of Semiconductor Substrate 

(54) [Title of Invention] A Method of Analyzing Impurities on the Surface of Semiconductor Substrate 
(57) [Summary] 

[Purpose] The purpose of the invention is to analyze the impurities present on the surface of semiconductor 
substrate with high degree of precision and sensitivity. 

[Composition] Aqueous solution or vaporized HF is supplied from line 15, and aqueous solution or gaseous O3 
is supplied from line 16 to form a dissolving solution 17 of HF and O3 on the surface of semiconductor substrate 
12. TTie semiconductor substrate 12 is put in motion, such as rotation, by a driving mechanism 14 causing the 
dissolving solution 17 to roll on the surface of the semiconductor substrate 12. Consequently, the impurity 
present on the surface of the semiconductor substrate 12 is dissolved by the dissolving solution 17. The 
dissolving solution 17 is then collected by a pipette, and analyzed by a flameless atomic absorption apparatus. 
By having HF and O3 contained in the dissolving solution 17j oxide fihn is efficiently formed on the 
semiconductor substrate surface 12 by the oxidation power of O3. The impurity on the semiconductor substrate 
surface is incorporated into the oxide film. The oxide film is then dissolved by the dissolving power of HF 
without etching the semiconductor substrate 12. Consequently, the type and quantity of the impurity adhered to 
the surface of semiconductor substrate 12 can be measured with high degree of accuracy and sensitivity. 
[Scope of Patent Claims] 

[Claim 1] A method of analyzing impurity on the semiconductor substrate surface comprises; a processing step 
to create a dissolving solution containing HF and O3 on the surface of semiconductor substrate, and a processing 
step to roll the solution on the semiconductor substrate surface to make contact. It also comprises a processing 
step to analyze said dissolving solution to measure the type and quantity of the impurity adhered to. the 
semiconductor substrate surface. These arc the characteristics of the method of analyzing impurity on the 
semiconductor substrate surface. 
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[Claim 2] The dissolving solution containing HF and O3 , mentioned above, is created by mixing gaseous O3 
with either aqueous solution of HF or vaporized HF. These are the additional characteristics of the method of 
analyzing impurity on the semiconductor substrate surface described in Claim 1 of the Scope of Patent Claims. 
(Claim 3] The dissolving solution containing HF and O3 , mentioned above, is created by mixing aqueous 
solution of O3 with either aqueous solution of HF or vaporized HF. These are the additional characteristics of 
the method of analyzing impurity on the semiconductor substrate surface described in Claim 1 of the Scope of 
Patent Claims. 

[Claim 4] A method of analyzing impurity on the semiconductor substrate surface comprises; a processing step 
to drip a dissolving solution containing HF and O3 on the surface of semiconductor substrate, and a processing 
step to roll the solution on the semiconductor substrate surface to make contact It also comprises a processing 
step to analyze said dissolving solution to measure the type and quantity of the impurity adhered to the 
semiconductor substrate surface. These are the characteristics of the method of analyzing impurity on the 
semiconductor substrate surface. 
[Detailed Explanation of the Invention] 
[0001] 

[Areas of Industrial Application] This invention relates to a method of analysis that measures the type and 

quantity of impurities adhered to the surface of semiconductor substrate. 

[0002] 

[Prior Art] Higher level of performances, such as higher degree of integration, higher speed, greater number of 
functions, and higher reliability, are always demanded of ICs. To solve these issues, multitude of technologies 
have been introduced into hundreds of production work steps employed in the production of IC. One such 
technology is a technology to prevent impur'ties from entering the semiconductor substrate, composed of silicon 
(SI) as raw material, prior to the work step producing a device. As well known, prevention of impurities from 
entering the semiconductor substrate is indispensable in improving the device characteristics of ICs. To realize 
this objective, accurate analysis of the degree of contamination on the surface of semiconductor substrate is 
necessary. 

[0003] Generally, the impurities entering the semiconductor substrates include organic substances, gas 
impurities, and metals. As a means of analyzing primarily metal, a method of measuring the type and quantity of 
impurities using a flameless atomic absorption apparatus is well known. In this method, the impurities adhered 
to the surface of semiconductor substrate and the impurities contained in a natural oxide film formed on the 
surface of semiconductor are dissolved with HF vapor. The dissolving solution is then collected to measure the 
type and quantity of the impurities contained with the flameless atomic absorption apparatus. 
[0004] In this method, however, impurities such as aluminum (Al), or iron (Fe) can be dissolved easily with 
vaporized HF, but impurities of heavy metals such as copper (Cu), and gold (Au), are difficult to dissolve. 
Therefore, accurate quantitative analysis could not be made for these metals. 

[0005] As a means to overcome these shortcomings, the following method of analysis has been devised. In this 
method, a dissolving solution containing HF and H3 O2 (TN: Possibly a typo of H2 O2) or a dissolving solution 
containing HF and HNO3 is dripped on the surface of semiconductor substrate. The semiconductor substrate is 
put in motion so that the dissolving solution makes contact with the surface of substrate. Thus, the impurities 
contained in the natural oxide film formed on the semiconductor surface and the impurities adhered to the 
surface of semiconductor substrate are dissolved. The dissolving solution is collected to measure the type and 
quantity of the impurity contained with a flameless atomic absorption apparatus. 

[0006] When a dissolving solution containing HF and H2 O2 is used, the concentration of H2 O2 must be made 
sufficiently high to dissolve the heavy metal impurity such as Cu into the dissolving solution in order to 
accurately detect it. However, when the concentration of H2 O2 is made high, the surface of semiconductor 
substrate becomes hydrophilic. Consequently, it becomes difficult to roll the dissolving solution. Additionally, 
the collection of dissolving solution to make the measurement also becomes difficult. These problems have 
hindered the improvement of the accuracy of analysis results. 

[0007] In addition, when a dissolving solution containing HF and HNO3 is used, the concentration of HNO3 must 
also be increased to accurately detect the Cu. However, when the concentration of HNO3 is increased, etching 
occurs reaching the interior of the semiconductor substrate. This dissolves the impurities in the interior of the 
semiconductor substrate. Therefore, it has been unsuitable for the analysis of the type and quantity of impurities 
adhered to the surface of semiconductor substrate. _ 
[0008] 
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[Problems to Be Solved by the Invention] As described above, the method of conventional technology using a 
dissolving solution containing HF and H2 O2 causes the semiconductor substrate to become hydrophilic, and 
makes it difficult to roll the solution. The method of using a dissolving solution containing HF and HNO3 causes 
etching of the interior of the semiconductor substrate. Consequently, it is difficult by either method, to 
accurately measure the type and quantity of the impurities adhered to the semiconductor substrate surface. The 
purpose of this invention is to present a method that solves the problems described above, and analyzes the type 
and quantity of impurity adhered to the semiconductor substrate surface with high degree of accuracy and 
sensitivity. 
[0009] 

[Means to Solve the Problems] In order to accomplish the purpose stated above, the method of analyzing the 
impurities on the semiconductor substrate surface of this invention is characterized by the following processing 
steps. The method comprises a processing step to create a dissolving solution containing HP and O3 on the 
surface of semiconductor substrate, and a processing step to roll the dissolving solution on the semiconductor 
substrate surface to make contact. It also comprises a processing step to analyze said dissolving solution to 
measure the type and quantity of the impurity/ adhered to the semiconductor substrate surface. 
[0010] Additionally, the dissolving solution containing HF and O3, mentioned above, is characterized by being 
created by mixing gaseous O3 with either an aqueous solution of HF or vaporized HF. 

Additionally, the dissolving solution containing HF and O3, mentioned above, is characterized by being created 
by mixing aqueous solution of O3 with either an aqueous solution of HF or vaporized HF. 
[001 1] In addition, the method of analyzing impurity on the semiconductor substrate surface of this invention is 
characterized by the following composition. The method comprises a processing step to drip dissolving solution 
containing HF and O3 on the surface of semiconductor substrate. It also comprises a processing step to roll the 
dissolving solution on the semiconductor substrate surface to make contact, and a processing step to measure the 
type and quantity of the impurity adhered to the semiconductor substrate surface. 
[0012] 

[Operation] In the analyzing method of this invention, a solution containing HF and O3 is rolled on. the surface 
of the semiconductor substrate to make contact so that the impurities present on the surface of semiconductor 
substrate is dissolved into the dissolving solution. 

[0013] The process of this dissolving can be inferred to take place as follows. First, the dissolving solution 
containing HF and O3 efficiently forms an oxide film on the surface of the semiconductor substrate by the 
oxidation power of O3. The impurities adhered to the surface of the semiconductor substrate is incorporated into 
the oxide film. However, the oxidation power of O3 deteriorates rapidly. Consequently, the dissolving power of 
HF becomes stronger after a short time, and dissolves the oxide film, as the oxidation power is dissipated. In 
addition, the dissolving solution containing HF and O3 has a slower rate of etching the semiconductor substrate 
than the dissolving solution containing HF and HNO3. Consequently, the dissolving solution containing HF and 
O3 can dissolve the impurities on the semiconductor substrate surface efficiently without dissolving the 
impurities contained in the interior of the semiconductor substrate. 
[0014] 

[Embodiment] The embodiment of the invention will be explained in the following referring to the figures. The 
first embodiment of the invention is shown in Figure 1. An apparatus is shown that realizes a method of 
analyzing impurities adhered to the surface of semiconductor substrate by creating a dissolving solution, by 
supplying vaporized HP and gaseous O3, and analyzing the impurities adhered to the semiconductor substrate 
surface. The apparatus comprises a table 13 that holds a semiconductor substrate, composed of Si as raw 
material, in a chamber 1 1, as shown in Figure 1. It also comprises, a driving mechanism 14 that provides motion 
to the semiconductor substrate 12, a line 15 that supplies vaporized HF, and a line 16 that supplies gaseous O3. 
When the measurement is made, the semiconductor substrate, composed of Si as raw material, is placed on the 
table 13 in the chamber 11, and vaporized HF and gaseous O3 is supplied onto the surface of the semiconductor 
substrate 12. 

[001 S] The vaporized HF and gaseous O3 reacts chemically after being exposed to air, and a dissolving solution 
17 is created after being liquefied. Next, the semiconductor substrate 12 is rotated by the driving mechanism 14, 
while shifting the horizontal surface, so that the solution 17 is rolled around on the semiconductor substrate 12 to 
make contact. The impurities contained in the natural oxide film formed on the surface of semiconductor 
substrate 12, and the impurities adhered to the surface of semiconductor substrate 12 are incorporated into the 
dissolving solution 17. 
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[0016] The following events are inferred to take place in this dissolving process. First, the dissolving solution 17 
containing HF and O3 efficiently oxidizes the surface of the semiconductor substrate 12 by the oxidizing power 
of O3 contained in the dissolving solution 17. The oxide film formed contains the impurities adhered to the 
surface of the semiconductor substrate 12. However, the oxidizing power of O3 contained in the dissolving 
solution 17 deteriorates rapidly, giving way to the HP's dissolving power of the oxide film, as time elapses. The 
natural oxide film and the oxide film formed are dissolved. Then, the dissolving solution 17 is collected with a 
pipette, and measurement is made for the type and quantity of the impurities contained with a flameless atomic 
absorption apparatus. Alternatively, the dissolving solution 17 can be dried on the semiconductor substrate 12 
without being collected, and analyzed with a total reflection X-ray analysis. 

[0017] The results of experiment performed actually using a dissolving solution containing HF and O3 will be 
explained, particularly noting the (1) solubility of Cu which is the heavy metal impurity, and (2) the etching rate 
of the Si substrate. 

[0018] (1) An Si substrate on which 6 x lO'^ (atoms / cm^) of Cu is adhered is soaked for three minutes under 
normal temperature in a dissolving solution containing 0.2 % concentration of HF and 1 to 10 ppm concentration 
of O3. The dissolving solution dissolved approximately 4.00 to 5.90 (x 10^' atoms / cm^) of Cu. On the other 
hand, when an Si substrate with identical condition is soaked in a dissolving solution containing 0.2 % 
concentration of HF and 0.1 to 10% concentration of H2O2, approximately 5.70 to 5.95 (x lO'^ atoms / cm^) of 
Cu was dissolved. Clearly, the dissolving solution containing HF and O3 recovers Cu more efficiently than in 
the past. (TN: Possible typos in the figures (?)) 

[0019] (2) The etching rate of Si substrate by the dissolving solution containing approximately 0.05 to 0.5 % 
concentration of HF and approximately 2 ppm concentration of O3 is approximately 3 to 17 (A / min). The 
etching rate of Si substrate by a solution containing approximately 0.02 to 4% concentration of HF and 
approximately 68% concentration of HNOa is approximately 100 to 6000 (A / min). The etching of Si substrate 
can be suppressed more than the conventional method by using a solution containing HF and O3. 
[0020] Next, the second embodiment will be explained. The second embodiment of this invention is shown in 
Figure 2. An apparatus that realizes a method of analyzing impurities adhered to the surface of semiconductor 
substrate where a dissolving solution is created by supplying aqueous solution of HF and aqueous solution of O3 
is shown. As shown in Figure 2, the apparatus comprises a table 23 that holds the semiconductor substrate 22, 
composed of Si as raw material, placed in a chamber 21. It also comprises, a driving mechanism 24 that 
provides motion to the semiconductor substrate 22, a line 25 supplying aqueous solution of HF, and a line 26 
supplying aqueous solution of O3. 

[0021] When a measurement is made, the semiconductor substrate 22 is placed on the table 23. The aqueous 
solution of HF and aqueous solution of O3 is supplied onto the surface of semiconductor substrate 22 to create a 
dissolving solution 27. Next, the semiconductor substrate 22 is rotated by a driving mechanism 24 while shifting 
the horizontal surface, so that the dissolving solution 27 is rolled around on the semiconductor substrate 22 to 
make contact. The impurities contained in the natural oxide film formed on the surface of the semiconductor 
substrate 22 and the impurities adhered to the surface of the semiconductor substrate 22 are incorporated into the 
dissolving solution 27. Then, the dissolving solution 27 is collected by a pipette, and the type and quantity of the 
impurities are measured by a flameless atomic absorption apparatus. Alternatively, the solution 17 can be dried 
on the semiconductor substrate 12 without being collected, and analyzed with a total reflection X-ray analysis. 
[0022] In the two embodiments described above, the dissolving solution containing HF and O3 has been created 
on the surface of the semiconductor substrate 22. However, the dissolving solution 27 containing HF and O3 can 
be prepared ahead of time, and dripped onto the semiconductor substrate 22 to make measurement. 
[0023] In the two embodiments described above, the semiconductor substrate analyzed were composed of Si. 
However, the application of this invention is not limited to semiconductor substrates composed of Si, any other 
semiconductor, such as chemical compound semiconductor can be used. Additionally, in the first and second 
embodiments shown above, the line supplying vaporized HF or aqueous solution of HF, and the line supplying 
gaseous O3 or aqueous solution of O3 are not limited to the number and positions described in Figures 1 and 2. 
Any other configuration producing the dissolving solution 27 would be acceptable. 

[0024] Additionally, as for the timing of supplying vaporized HF or aqueous solution of HF, and gaseous O3 or 
aqueous solution of O3, the dissolving solution 27 can be created more efficiently when both substances are 
supplied simultaneously. It is effective in producing the dissolving solution 27 more quickly. When vaporized 
HF or aqueous solution of HF is supplied first, the vaporized HF or aqueous solution of JJF dissolves the 
impurities on the surface of the semiconductor substrate 22, exposing the surface of the semiconductor substrate 
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22. Since the semiconductor substrate surface 22 itself shows hydrophobic property, the effect of making the 
solution easier to roll around on the surface of semiconductor substrate 22 can be obtained. 
[0025] In the creation of dissolving solution 27, an example of supplying both HF and O3 in gaseous state, and 
an example of supplying both in aqueous solutions were cited in the embodiments. However, the dissolving 
solution 27 can be created by supplying either one of the substances in gaseous state and the other in aqueous 
solution. Additionally, a method of preparing the dissolving solution 27 containing a mixture of HF and O3 
ahead of time, and dripping it onto the surface of the semiconductor substrate 22 would be acceptable. In other 
words, so long as a substance containing HF and O3 is created on the surface of the semiconductor substrate 22, 
the process of its creation does not matter. 

[0026] However, O3 decomposes rapidly in aqueous solution. Consequently, the oxidizing power of O3 
diminishes in relatively short time. Therefore, it is preferable to prepare the aqueous solution of O3 immediately 
before the measurement is made. When a solution 27 containing a mixture of HF and O3 is prepared ahead of 
time, and dripped onto the surface of semiconductor substrate 22, it is also preferable to prepare it immediately 
before the measurement is made. 

[0027] As for the means of rolling the dissolving solution 27 on the surface of semiconductor substrate 22, it is 
not limited to the method described in the embodiment. For example, there is a method where a jig resembling a 
dropping pipette, holding the dissolving solution 27, is placed in contact with the surface of the semiconductor 
substrate 22. Then, as the semiconductor substrate 22 is rotated, the dropping pipette is simultaneously moved 
horizontally, dissolving the impurities attached to the surface of the semiconductor substrate 22 into the 
dissolving solution27. 

[0028] The measurement method is not limited to the analysis method using a flameless atomic absorption 
apparatus or a total reflection X-ray analysis. Any method capable of determining the type and quantity of the 
atoms of impurities dissolved in the dissolving solution 27 would be acceptable. For example, mass 
spectrometry analysis by means of inductive coupling plasma (ICP) may be used. 

If it is iiecessary to collect the dissolving solution 27, the semiconductor substrate 22 can be tilted to collect the 

dissolving solution 27. The means of accomplishing the collection does not matter. 

[0029] 

[Effects of the Invention] The method of analyzing the impurities on the surface of semiconductor substrate of 
this invention can measure the type and quantity of the impurities adhered to the surface of semiconductor 
substrate with high degree of accuracy and sensitivity. 
[Brief Explanation of the Drawings] 

[Figure 1] This is the first embodiment of the invention. An apparatus that realizes a method of analyzing the 
impurities adhered to the surface of semiconductor substrate, utilizing a dissolving solution created by supplying 
vaporized HF and gaseous O3 is shown. 

[Figure 2] This is the second embodiment df this invention. An apparatus that realizes a method of analyzing the 
impurities adhered to the surface of semiconductor substrate, utilizing a dissolving solution created by supplying 
aqueous solution of HF and aqueous solution of O3 is shown. 
[Explanation of Symbols] 

11. 21. Chamber 

12. 22. Semiconductor substrate 
13, 33. Table 

14, 24. Driving mechanism 

15. Supply line of vaporized HF 

16. Supply line of gaseous O3 

17, 27. A drop of dissolving solution of HF and O3 

25 . Supply line of aqueous solution of fJF 

26. Supply line of aqueous solution of O3 

CHAR LEGENDS 
[Figure 1] 
[Figure 2] 
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